The coupling between different types of surface (tropical forest or grass) and the Convective Boundary Layer (CBL) has been investigated using observational (rawinsoundings) data collected over Rondô onia in southwest Amazonia. The data reported here support the notion that deforestation may modify the dynamics of the boundary layer, in particular during the dry season. In this period the sensible heat fluxes are very high over pasture, creating a CBL around 550 m deeper compared to that over the forest. The measurements showed the height of the fully developed CBL for pasture to be 1650 m, compared to around 1100 m for forest. During the wet season the height of the CBL is lower than during the dry season and has the same height (around 1000 m) for forest and pasture sites. The CBL over pasture is hotter and drier than over forest during the dry season, but during the wet season the air temperatures and humidities are similar. Comparing the CBL growth during the dry and wet season, there is evidence that the CBL properties over the forest are not dependent on the surface characteristics, but over the pasture they are.
Summary
The coupling between different types of surface (tropical forest or grass) and the Convective Boundary Layer (CBL) has been investigated using observational (rawinsoundings) data collected over Rondô onia in southwest Amazonia. The data reported here support the notion that deforestation may modify the dynamics of the boundary layer, in particular during the dry season. In this period the sensible heat fluxes are very high over pasture, creating a CBL around 550 m deeper compared to that over the forest. The measurements showed the height of the fully developed CBL for pasture to be 1650 m, compared to around 1100 m for forest. During the wet season the height of the CBL is lower than during the dry season and has the same height (around 1000 m) for forest and pasture sites. The CBL over pasture is hotter and drier than over forest during the dry season, but during the wet season the air temperatures and humidities are similar. Comparing the CBL growth during the dry and wet season, there is evidence that the CBL properties over the forest are not dependent on the surface characteristics, but over the pasture they are.
Introduction
Energy, momentum and scalar properties are transported to and from the land surface through the Atmospheric Boundary Layer (ABL), the lower part of the atmosphere which acts as the link between the surface and the large-scale circulation above. Understanding the behaviour of the ABL is thus a critical prerequisite to understanding how changes in the land surface will translate into changes in the dynamics and thermodynamics of the large-scale circulation and, in the other direction, how changes in the atmospheric circulation will modify the surface climate and in turn the surface fluxes.
The ABL is characterized by thermal and mechanical turbulence processes which are controlled by the interactions with the surface and by entrainment with the free atmosphere above. At the same time, the ABL may also modify the surface fluxes through the influence of the ambient temperature and humidity on the surface energy partition. The phase of the ABL that is dominated by thermal (buoyancy) and mechanical (wind shear) turbulence is called the Convective Boundary Layer (CBL). The CBL is important because it transports momentum, energy, water vapour and trace gases (such as CO 2 ) from the surface to a height of 1-2 km, where these species can then be linked to the general circulation of the atmosphere.
Despite its importance, relatively little is known about the CBL in Amazonia, although a few measurements have been made in previous experiments such as the Atmospheric Boundary Layer Experiment -ABLE-2 (see Garstang et al., 1990 ) and the joint Anglo-Brazilian Amazonian Climate Observational Study -ABRACOS (see Gash and Nobre, 1997) and the Rondô onia Boundary Layer Experiment -RBLE (see Fisch, 1995; or Fisch and Nobre, 1997) . The first comprehensive dataset of the boundary layer over tropical forest during the dry season was presented by Martin et al. (1988) . They obtained maximum CBL heights around 1200 m during undisturbed conditions and pointed out that the entrainment flux can be very important for the growth of the CBL, as well as for drying the whole boundary layer. The diurnal cycle of the specific humidity showed a maximum in the early morning with a subsequent drying. This feature is strongly coupled with the decrease of the temperature jump at the base of the inversion layer, as dry and hot air from above is entrained into the CBL.
Although Amazonia is still mainly covered by tropical forest it is suffering from a high rate of deforestation. The impact of the deforestation on climate is likely to depend strongly on the scale of the deforested area. For large-scale deforestation, several numerical studies (among them Nobre et al., 1991; Hahmann and Dickinson, 1997; and Gandu et al., 2004) have postulated that large scale deforestation will increase air temperature, decrease rainfall and evaporation and result in a longer dry season. However the meso-scale impact of deforestation and its effect on the ABL is not so well understood. Fu et al. (1999) demonstrated the importance of moisture convergence in the ABL in triggering convection and also in the initiation of the wet season. On the other hand, knowledge of the comparative thermodynamic profiles over forest and pasture is limited to the ABRACOS=RBLE field campaigns mentioned above. Fisch (1995) carried out a detailed analysis on the characteristics of profiles of potential temperature and humidity during the dry season. He found that the CBL developed to a greater height over the pasture (by about 600 m) than over the forest and that there is also enhanced turbulence over the pasture, perhaps due to the thermal circulation created by the juxtaposition of fragments of forest and large deforested areas. There is no equivalent analysis for the wet season as the results presented by Martin et al. (1988) refer to the dry season in the central Amazonia.
Previous modelling studies during the dry season predicted that the juxtaposition of forest and pasture might result in circulations at meso- (Silva Dias and Regnier, 1996) and meso-(Fisch, 1995) scales: both from dry and hot pasture to the wet and cool forest during daytime. However for the wet season, the lack of good and detailed data has limited this modelling approach to the work of Wang et al. (2000) . Their study predicted that in the wet season the synoptic conditions would dominate the flow and prevent local circulations from developing.
In general, CBL development appears to have one-dimensional dependence but some events can modify this structure. Cold front invasions into Amazonia during the winter (known locally as a friagem) strongly modify the ABL because they bring dry and cold air to the area, as well as an intensification of the windspeed. So far, the current knowledge about the modification on the ABL structure by a friagem is not well known and this is the reason why a case study is shown here. Some characteristics of a friagem event observed in 1993 are presented in Section 3.3.
The Large Scale Biosphere-Atmosphere Experiment in Amazonia (LBA) (http://lba.cptec. inpe.br/lba) is an international research initiative led by Brazil. It was designed to understand the climatological, ecological, biogeochemical and hydrological functioning of Amazonia and how the land use and cover modify these cycles. Two coupled experiments were carried out during the first Intensive Observing Period of LBA (LBA-IOP1): the Wet Season Atmospheric Mesoscale Campaign (WETAMC-LBA, hereafter LBA) and the ground validation of the Tropical Rainfall Measuring Mission (TRMM) in a tropical region (see Silva Dias et al., 2002) . The combination of these two experiments will be referred to as LBA=TRMM. This paper describes the growth of the CBL over forest and pasture in Amazonia, presenting
